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SUBJECT: RADIATION INCIDENT IN 7500 HIGH BAY ARFA ON DECEMBER 10, 1960 ‘

1.0 SUMMARY

On Saturday, December 10, at noon, 10 persons received doses ranging

- from 0.42 to 2.51 R of penetrating radiation while engaged in moving an HRT

diaphragm pump head from the reactor shield to the 7500 Area hot eguipnrent
storage pool. Radiation levels 4'" from the carrier used to shield the

pump were 120 R/hr. The whole operation took approximately 7.5 minutes

with no serious mechanical difficulties arising. A detailed approved pro-
cedure was followed after a complete rehearsal of the mechanical operations,
The princiral shortcomings arose due to the activity level of the pump being
much higher than had been anticipated. The level could have been established
by lowering a gamma probe into the reactor for a direct reading on the pump.

The 7500 Hazards Committeel met on Monday, December 12, to hear a re-
view of the operations relative to the pump transfer and suggestions on how
similar radiation incidents can be prevented.2 The material for this re-
port was, in general, derived from this meeting.

2.0 PUMP REPLACEMENT - PLANNING AND
DESCRIPTION OF OPERATION

The HRT was shut down on December 4, following detection of radio-
activity in the containment shield gas. After a few days of investigations
by the reactor operating group, all available evidence indicated that the
east diaphragm head of the fuel feed pump had leaked about 1 liter of fuel
solution though the head would not leak when tested under several conditions.
The head was replaced and moved to the hot equipment storage pool so that
it could be definitely established whether or not it had leaked. The opera-
tion, therefore, was considered quite important to the reactor project.

lN. C. Bradley, Laboratory Shift Supervisor, served temporarily with

the committee for this particular investigation.

2Present at the meeting were: M. A. Baker, S. E, Beall, N. C. Bradley
J. R. Buchanan, A. C. Butler, W. D, Burch, R. L. Clark, J. W. Hill1l, J. P,
Jarvis, A, J. Miller, H. C. Roller, R. H. Winget. This document has been approved for rejeas
1o the public by

Sitr
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2.1 Planning

A detailed procedure covering the pump transfer using a shield was
written by J. P. Jarvis, program engineer, and approved by ares super-
vision following normal practice It was anticipated that activity
levels would be approximately 10 R/hr outside the shielded pump carrier
[4* x 4' x 8' x 2" thick (1-1/2" lead + 1/2" steel)! and that personnel
would receive no more than 1 week's dose of radiation. In accordance
with Laboratory procedure, approval of work in the 10 R field was ob-
tained from R. B. Briggs, Fluid Fuels Project Director. Previously,
pumps were pulled unshielded using a different procedure whereby no one
would have to approach the pump. It was felt, that by using the shield,
the procedure for this operation would be better than before.

Direct gamme readings on the pump, which would have shown that the
activity level was much higher than expected, were not taken when planning
the operation. The permanently installed hi-level gamms monitor (mounted
10-12 feet above the pump) which read 1250 R/hr was consulted however.

Tts indicated level was no greater than readings taken during previous
shutdown and was not felt to be alarming.

In an attempt to clean the pump in the best manner available to
Operations, it was rinsed both inside and outside. Many gallons of D0
were pumped thru the head. The pump exterior was sprayed with decontami-
nating solution (4% ammonium oxalate and 3% hydrogen peroxide) followed
by two water rinses. A shield sump sample indicated that at least 40
curies of beta activity was washed to the sump.

2.2 Procedure

The plan was to pull the pump into a shielded carrier using the over-
head crane while working thru a dry maintenance facility which covered an
opening in the roof of the reactor shield. The pump was then secured in-
side the carrier and the crane transferred from the pump lifting rod to
the carrier bail. At the same time a drip pan was to be secured under
the carrier and the assembly moved approximately 50 feet to the hot equip-
ment storage area where the pump was lowered underwater.

Primary jobs during the transfer were as follows. Two men were used
on ropes to pull the drip pan, two men to open and close one end of the
maintenance facility, one man to operate a switch which controlled the
other end of the facility, two men to close angle bracket on top of carrier
around pump lifting rod, one man to view thru mirror as pump was pulled to
make sure it was clearing possible obstructions, two men to disconnect
drip pan, two men to position carrier over storage pool and two men to re-
move pin from angle bracket and open it so that the pump could be lowered
underwater. Many of these jobs were, of course, done by the same people.

The procedure was discussed in detail with all personmel to be in-
volved in it. Following this, the entire operation was rehearsed, The

*¥See Appendix asttached.
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health physics monitor did not participate in the rehearsal,

2.3 Actual Pump Removal

The pump was removed essentially as intended with no serious difficul-
ties.

As the pump was lifted into the carrier, @R stood on a ladder
viewing with a hand mirror held over the open top of the carrier to see
that the pump cleared the maintenance facility.
got a radiation reading of 100 R/hr , wWhich was not unexpected, thru the
top of the carrier so he signaled @l off the ladder.
and GENEEEENE clirbed the ladder and closed the bracket. The carrier
was lifted slightly while two men pulled the drip pan under the carrier.
The pan had to be repositioned (taking about half a minute) by SR

<l and

The carrier was lifted approximately 5' to clear the hand rails
and moved to the storage pool area by the crane. Q¢ reported that
he found it difficult to tell what the pump itself was reading when lifted
into the carrier because of "shine and scatter" from the reactor shield.
Not until the carrier was moved from the maintenance facility did he realize
that the reading of approximately 120 R/hr at 4" from carrier was from the
pump itself, He waved all personnel away at this time and informed .
of the activity level. It was later estimated that approximately 4-5 minutes
had elapsed since the start of the opera.tion.- acknowledged and
indicated that they would move rapidly to get the pump underwater.

At the storage pool (iJID, GEEEE: -ni G disconnected the
drip pan and helped position the carrier.(ij# then climbed a ladder
and released the angle bracket and the pump was lowered into the water.
Activity level abowve the water was only 400 mr/hr.

The entire operation had taken only approximately 7.5 minutes.

While the transfer was in progress, activity levels in the reactor con-
trol room had risen to 8-10 R/hr (approximately 15' from the shield) so all
operating personnel retreated to the area front gate where the activity
level was 70 mr/hr.

3.0 ACTIVITY LEVELS AND PERSONNEL EXPOSURES

When all direct reading dosimeters were found off-scale following
completion of the operation, the badges of the 10 people involved were
removed and the films developed. The total quarterly dose is noted for
each person involved with the dose from the incident estimated by sub-
trading pocket meter readings for the period from these values.
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Table 1

Film Badge Dose Previous Dose from the

Person DM DL DP Dose-DP Incident - DP
o 1885 1670 1670 0 1670
o 1985 1935 1935 590 1345
o 635 585 585 25 560
e o 4 1310 850 850 300 550
an— 2650 2300 2300 390 1910
o 1320 1215 1215 110 1105
- 1230 1030 1030 245 785
- 3050 2675 2675 170 2505
s 1055 740 740 325 415
C ] 950 740 740 190 550

The variation in doses reflects the location of the personnel during the
operation. N, GIEND, G - 4R c2ch approached directly to
the shield to operate the latch which held the pump suspended in the shield
or to connect and disconnect the drip pan. In the 7—1/2 minutes in which
the pump was outside the cell and before it was lowered into the storage
pool , @i vas in an average field of 20 R/hr.

The dose rate at the surface of the pump was measured under water after
the transfer operation and found to be 23,000 R/hr at the hottest location
adjacent to the pump head. This level compares with a reading 6000 R/hr
for the hottest piece of equipment which had been removed from the cell pre-
viously. That equipment, a multiple hydroclone unit, somewhat smaller on
overall dimensions than the feed pump, was moved in a 4" thick lead shield.
The hottest item removed previously in the large shield used for the feed
pump transfer was a fuel circulating pump which read about 1500 R/hr. Ex-
posures in that operation had been low. A significant difference in these
operations was the type of activity present in the system, The circulating
pump was moved after 70 days cooling when the primary gamme emitter is Zr-95
while the hard gammas from La-140 were the predominant source after only 1
week cooling prior to the present operation.

4.0 FACTORS CONIRIBUTING TO THE EXPOSURES

The primary factor contributing to the personnel exposures was the lack
of knowledge of the activity level of the feed pump prior to removal from
the primery shield. The operation as planned could have been carried out
with nominal exposures if the activity level had been in the same order as
in previous similar operations. The reactor had been in operation only a
short time at low power levels, and the contribution from short-lived gamma
emitters was not adequately assessed. In fact, no estimates, except specu-
lative guesses and the high-level monitron reading of the activity level at
10 feet, had been made, »
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A second factor contributing to the exposures was the lack of the usual
plan of action in anticipation of the much higher activity level. 1In retro-
spect, a simpler solution than a plan of action would have been a direct
reading of the pump activity level in place followed by adequate planning
for the transfer operation at the level measured.

A third factor was the lack of experience in monitoring this type
operation. Nearly all previous hot equipment removals were made with the
cell flooded so that cell background did not contribute to personnel expo-
sure nor interfere with adequate monitoring of the piece of equipment being
removed. Readings taken well away from the shield out of the cell beams
would have been more indicative of the exposures that personnel were receiv-
ing.

- The difficulty in communication during the operation due to noise from
the alarms actuated by the activity and the fact that all men wore masks,
was noted by most of the personnel involved. Again, this problem should
have been considered and if necessary, all personnel could have left the
area for consultation before proceeding.

5.0 RECOMMENDATIONS

1.+~¥herever possible, the activity level of hot equipment should be
measured prior to movement. For this operation, the measurement could have
easily been made,

2. Doses expected from the activity level measured should be estimated,
If measurements are not possible, activity levels, a factor of 10 above those
anticipated, should be assumed for dose calculations.

3. Adequate emergency plans should be made known to all personnel
involved in anticipation of higher-than-expected activity levels, and/or
unexpected operational difficulties. This should include plans to regroup
and assess the situation at a point away from the hot equipment if radiation
fields become higher than anticipated.

L, Adequate communication should be assured either by a suitable sign
system, PA system or otherwise,

5. A second health physics surveyor should work directly with the main-
tenance supervisor in assessing the overall situation during the actual opera-
tion, These two should not be involved directly in the operation, and must
be able to communicate with each other and with others involved.

The following recommendations fall more in the category of how to do the
specific operation involved knowing the radiation levels are as high as they
were found to be. It is recognized by all that the plans were based on a
factor of 10 lower activity levels and that considerable improvement in equip-
ment and technigues would have been required to significantly reduce the total
doses received,
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1. Prepare a shielded control station where the crane operator,
supervisor and others could retreat to while not performing actual opera-
tions,

2. Modify existing lead shield to increase thickness on the side
shielding most of the personnel. The total shielding is limited by the
capacity of the building crane,

3. Provide better viewing from above the shield so maintenance per-
sonnel could observe the equipment removal from a distance. This might be
by large mirrors mounted on the crane bridge, or possibly with television
cameras,

L. Provisions for disengaging the crane hook, tieing off the pump
1ifting hook and reversing the operations at the hot storage poel should
be by semi-remote methods from a distance of at least 10 feet, instead
of by hand,

5. If exposures greater than 1 week's dose are anticipated, the pre-

vious exposure records of craftsmen available should be reviewed to permit
use of people with low previous exposures.

7500 Area Hazards Committee
J. R. Buchanan, Chairman

N. C. Bradley, L. S. S.
W. D. Burch ’

Ipsw

Appendix Attached
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APPENDIX

REMOVAL OF FFP E. HEAD WITH DRY MAINTENANCE SHIELD

1. HP man on top of cell, Air monitor at work area. Work order signed
by shift supervisor,

2. Set up shield "I" beam base.

3. Set carrier down on base to make sure of fit and to see that "I"
beams do not twist under the load of the carrier. Open slide to see that
it clears the carrier.

4. Lift carrier up and set aside, The hinged "L" tie off assembly
should be on top of the shield and in the open position. The drip pan
should be located just east of the dry maintenance shield,

5. Attach building crane to the special lifting rod. Make sure all
couplings are securely made up.

6. Remove the split plug and light assembly from the ECC. Plug in the
maintenance shield and lower hook down thru the shield.

7. Move the shield slide and building crane together to engage the hook
into the pump lifting bail,

8. Close leak detector valves of suction discharge and drive flanges
and loosen bolts from the control room side,

9. Wet down the pump with a condensate spray.

10. Take up on building crane and move south very slowly with the crane
and dry maintenance shield slide.

11. Observe thru the Pb glass window and move pump to the center of the
dry maintenance shield,

12. Raise pump up until the (2) half pipe couplings clear the top of the
slide. '

13. Make sure that pump is positioned in a N.S. direction and lined up
under roof plug opening. It may be necessary to lower a hand hook down to
straighten it. Should be able to do this by twisting the lifting hook from
above, -

14, Screw in the (2) 5" pieces of 1" pipe and lower crane hook.

15. Remove the top 15! of lifting handle and screw the lifting bail onto
the shortened pump lifting handle.
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16. Remove the nuts and pin that join the ECC module and the module
north of it. Remove all modules on the north end that are not required for
shielding. Clamp a "C" clamp on N. rail approximately 2'-0" from module as
a stop.

17. Position the lead carrier over the N.S. and E.W. centerline's of
the dry maintenance shield,

18. Set stepladder beside shield in a position to close the tie-off "L"
on top of carrier.,

19, Move shield slide S. 2'-0" and pull the N, modules by a hand line
until the modules are against the "C" clamp on the rail, Lower a drop light
thru the top of the carrier and observe the pump with the mirror.

20. Raise pump up slowly thru the lower plug opening and up into the
carrier, Monitor carrier.

21. When the 1/2" x 2" x 2" pad on the lifting rod is above the top of
the carrier, close the "L" tie off clamp around the lifting rod and lower
the crane to let the pad rest on "L" tie off assembly and drop the pin into
the end of the assembly.

22. Release the crane hook from the pump lifting bail and hook it to the
carrier 1lifting yoke,

23. Railse carrier up and east and set it down in the drip pan. Attach
drip pan to the carrier.

24. Move assembly east and set down just west of pool and remove the drip
pan. Position the carrier on the "I" beam frame over the hot cutting tank,

25. Release crane hook from carrier yoke and hook it to the pump lifting
rod, Lift up about 2" and remove pin and open the "L" tie off bracket.

26. Lower the pump into the hot cutting tank,
27. Remove all plastic and load drip pan-on hot truck.

28. The drip pan may be quite hot and plastic around pool and at east
side of maintenance shield may have drippings from the pump on them. HANDLE

WITH CAUTION.
Submitted /s/ Approved
J. P. Jarvis W. T. Martin
Approved  /s/ Reviewed _ /s/
J. W, HI1 W/Crafts ~ H. E. Trotter

Approved  /s/
S. B, Beall




X-847 INTRA-LABORATORY CORRESPONDENCE —
OAK RIDGE NATIONAL LABORATORY ‘

To: G. €. Cain

-,

Subject: Racizticn Over EXposures .t Builcing 750¢

During the removsl of the ¢ast hewd of lhe fuel feeu pump
from the rezctor cell to the hot storege pool cuttirg tenk,

ten qcople received over cxposures.
The zump hesd was withorswn ircs Lle celi into & one inch
thick le:d shield for trinsporting scross the cell to ihe
cutliing tenk. The shielced pump resc 100R/ir &t € inches.
Rediztion rexdings of tre pump &iter it wes -lscee in Lhe
cutting teik were irem 7,500 /nr to =Z,<00 R/rr «t countict.,
Tnere wes Lo #ir conteminsticn wuring tre operciion,

Following is = list of tre exployees involved with

film reedincs:

Din Ti Ty

20E0 180D 1200

2550 <900 <500

O ZOEQ =800 2600
e ) 3E 1CED 1080
D <600 21:iG 21IC
780 700 700

1050 8C0 £00

: 1150 80C 800

158 120¢C 200

R 14¢ 850 850

F. R. Bruce

ce

¥. . Ramsey
A, F. Rupp
File

K. C. Brzéley

This document has been approved for release

to the public by:
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OAK RIDGE NATIONAL LABORATORY (Zp<

COPERATED BY

UNION CARBIDE NUCLEAR COMPANY

ucc

POST OFFICE BOX X
OAK RIDGE, TENNESSEE

August 3, 1960

U. S. Atomic Energy Commission
Post Office Box E
Ogk Ridge, Tennessee

Attention: Dr. H. M. Roth

Gentlemen:

Subject:  SOLID STATE INCIDENT - <EENEEEDED

On the basis of all available data, it is estimated tha
received no more than 1% of the meximum permissible quarterly radiation
dose as a result of the subject incident.

During the time of the release, he was working one floor below the hot cell
area and left the building by way of the stairs past the hot cells, either
during or immediately after the release, and could have been exposed while
making his exit from the buildlng He went directly to the ORNL cafeteria
before personnel contamination- -check points were established at the scene
of the release. Upon his. return from the cafeteria he was informed of the
release and was checked~fop contemination. A small amount of contamination
was found on his clothing and was removed by using a vacuum cleaner until
no activity could be detected. In response to a general request for all
Building 3025 personnel to collect urine and fecal samples,

submitted the first excreta sample six days after the incident. This
semple was colledted over the period between day 4 and day 5 after the
release, and it indlcated 8 urinary excretion rete of 1,300 d/m per day

of radiostrontium (96% and 4% sr). This value exceeds our estsb-
lished urine limit, below which no igmediate resampling is required.

This limit is 330 d/m per day for Sr°? (170 d/m per day S5r2°) for chronic
exposure; thus additional urine samples were requested. These samples,
obtained on dey 1k and day 40, indicated total radiostrontium excretion
rates of 250 d/m per day and n/O d/m per day (* 20), respectively.

" This document has been approved for release
to the public by:
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The excretion rate date for- was compared with the comparsble
Sr§9, 90 excretion rates determined for Employee B (see attached plot of
excretion rate vs. time). It is seen that Employee B's excretion rate is
consistently a factor of 20 higher than that of GH . On the
basis of many urine and fecal samples, it was estimated that the total
initial amount of strontium received by Employee B was 0.60 pe (0.5 uc Sr89
and 0.02 nc Sr9°) . By comparison of the excretion rates it is seen that
Probably received no more then 0.03 pc total Sr 9, 90, This
amount is negligible with respect to the maximum permigsible body burden
for continuous exposure (2 pc for srX and 4 pc for Sr°9) end is even less
significant with reference to the maximum rermissible bone dose which is
proportional to the area ( fg c Q(t)at) under the bone burden curve.

Other radionuclides were present in the mixture of materials inhaled by
individusals exposed Egring the subject release - Cel l, Cell*l‘-Prll*)"',
Zr25-mb95, BaltO_1a1%0, csl3T., A11 of these were detectable in the air
sample collected during the release and were also detected, by means of a
total body counter, in the lungs of the three employees receiving the
highest exposures. Repeated total body counter measurements and urine
and fecal data were used to obtain estimates of the radiation dose to the
lungs and other body organs of these three men. The highest estimated
dose was 1.18 rem to the lung of Employee A during the first quarter
following the exposure (2.09 rem during the first year). The correspond-
ing estimate for Employee B is 0.30 rem during the first quarter and 0.53
rem the first year. By comparison with Employee B, it is estimated that
QG rcceived no more than 0.02 rem to the critieal organ (the
lung) during the first quarter -and will receive & total of less than
0.03 rem the first year. These dose estimates may be compared to the
maximum permissible dose to the lung, 3.75 rem Per quarter or 15 rem per
year.

We are convinced that the exposure of GNP is negligible.

Sincerely yours,

4. swartout
JAS :KZM ;mb

Enclosure

¢c: C. E. Center
F. R. Bruce
W. H. Jordan
K. Z. Morgan (2)
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Copies forwarded 7-8-60:
F, R. Bruce - Please Handle

UNITED STATES . A -
ATOMIC ENERGY COMMISSION Ggguf é: . -
ik . . ( @..L LA T S
IN REPLY REFER TO: Oak Ridge, Tennessee Kgﬂﬂgj
ORB:JAL July 7, 1960

Union Carbide Nuclear Company
Post Office Box P
Cak Ridge, Tennessee

Attention: Dr. J. A. Swartout, Deputy Director&v‘l("
Oak Ridge National Laboratory

Subject: soLID sTATES INcIDENT - CHEENENNED

Gentlemen:

Confirming informal conversations between members of our respective
staffs, we have received an inquiry from the Savannah River Operations
Office regarding the degree of involvement of in
the April 26 incident in the Solid States Building.

Specifically, SROO has requested a report or evaluation of the
incident, including results of bio-assays or other tests performed
on + An estimate of the nature and severity of his
exposure, its probable effect on his future assigmments, and any
other comments for the employeets record are also requested,

Your cooperation in supplying this information to us at an early
date will be appreciated.

Very truly yours,

. Koty

Herman M. Roth
Director
Research and Development Division

CC: C. E. Center, UCNC
R. C. Armstrong

gt}



. Actemtioms ur. c. l. cunr. Vtco hutdonz

Subject: xm.nmunw or nmnunou mxrru mrs

‘your . ) 4
1960, which fmrdod respectively the imvestd
_the Solid Scates. !acuoat and the P32 mucut.

" We bave concurred in the conclusions end tié-cuda:iodt of the ,
nfcuacul reports and havc fmardod the nporto to uc Hesdquarters.

‘It s roquutod that UCNC prepars mrtuly pm‘u reports regard-

-ing the l-plmutloa of t\u roce-oaduum contained in each of
.

quttcﬂy until clu roco-uudaucns have bm fully hpl-cntod or

disposed of in some ether fashion. , ; .

Your cooperation in thu matter vﬂl be Qproctitﬂg

cEg ¢ E t

Very truly mts,

~aaiae i




& \ Sxauined by the lLaberatery
Cells and Sources Committee for wm to tho
safe operating criteria for hot cells whick is p:re-
ssnted in Appendix A of the ;ttachpd report,”

ntnlmt-ant is nmtordctom mmnm
+ it needs a slight modification in order .t¢

ba‘trtctly tm

a. Simce the coumittes m 2ot mpl‘tod 1ta mm&

- of 811 hot cells, it would be Mtntouy,"m
“m R.Mmm-'ong : R o

Sources Committes
nm are .tw rumts kin whigh udi;qa
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INTRA-LABORATORY CORRESPONDENCE SN
OAK RIDGE NATIONAL LABORATORY ‘

May 23, 1960

To: D. S. Billington

We have told the Commission that approximately eighty people vere
in Building 3025 at the time of the recent incident. Will you
please ask someone to establish the exact mumber (and names) of

those present. I think this informstion will be important for

the record.
Original Signed
By F. R. Bruce
F. R. Bruce
FRB:mb

ce: VJ. A. smrtout"&;:‘;:y.i
3

This document has been approved for release

to the public by

Dol £ fbw. s




UNION CARBIDE NUCLEAR COMPANY . .i-:

POST COFFICE BOX P, OAK RIDGE. TENNESSEE

May 17, 1960
U. S. Atomic Energy Commissicn
Post Office Box E
Oak Ridge, Tennessee
Attention: Mr. S. R. Sapirie
Gentlemen:
Subject: Investigating Ccmmittee’s Report of the Solid State

Physics Contamination Incident

In accordance with the provisions of Chapter 0703 of the AEC Manual,
entitled Notificatior, Investigatior and Reporting of Incidents,

we are enclosing twenty copies of the report cf the Committee
established to investigate the radiocactive release in the Solid
State Physics Building on April 26, 1960.

For your information, the following action was *taken promptly
following this incident tc preclude similar cccurrences in this
and other hot cell facilities of the Osk Ridge National Laboratecry:

(1) A1l hot cells were examined by the Laboratory's Hot
Cells and Sources Committee for conformance o the
safe operating criteria for hot cells which is
presented in Appendix A of the attached report.

(2) A1 operations invelving significant quantities of
radiation were required to be carried out in accord-
ance with a safe operating procedure to be approved
by the division director and the Director of Radia-
tion Safety ard Control.

(3) A radiation control officer will be assigned in each
division. He, under the division director, will
assume full responsibility for radiological safety
in the division, actively and aggressively keeping
under constant surveillance all operations of the
division which could lead toc radiation incidents.

This document has been approved for release
is thz public by:




UNION CARBIDE NUCLEAR COMPANY .« ..

P AT

-2- May 17, 1960

(4) Every division director has been instructed to carefully re- -
examine all of his operations for potential radiation
safeTy problems and to work with Laborstory management
in promptly correcting them.

Yours very truly,
UNION CARBIDE NUCLEAR COMPANY

LBE LI~

Clark E. Center
Vice President

CEC :FRB :mb

Encl.

ce: J. A. Swartout (2)
F. R. Bruce (40)




Report
of

Investigating Committee

BUILDING 3025 INCIDENT
Oak Ridge National Laboratory
April 26, 1960

F. R. Bruce, Chairman
D. E. Ferguson
J. A. Lenhard, ORO
G. W. Parker

Report Submitted:

May 17, 1960

This document has been approved for reicase
to the public by: -

R dC fhoie oty '
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I. Summary

On April 26, at approximately 11:00 a.m., a quantity of beta and gamms
active dust, estimated to contain a total of <1 curie of activity, was ex-
pelled from Cell 1 in Building 3025. At the time of the release there were
8 persons in front of this cell and directly in the path of the dust cloud.
Another 13 persons were in the general hot cell area but not directly in the
path of the cloud. None of the exposed individusls is believed to have re-
ceived in excess of the maximum permissible exposure. Analysis of presently
available exposure data, which must still be considered preliminary, indicates
one person ingested a quantity of activity which will give a 1.2 REM exposure
to both lungs and bone during the first quarter and 2.1 REM during the first
year. The next person will receive a 0.3 REM exposure during the first quarter
and all others at least a factor of 10 less than the highest exposure. The
beta and gamma active dust was distributed throughout the hot cell area and
the office-laboratory areas of Building 3025, making it mandatory that ex-
tensive decontamination be carried out before any of this building could be
used. As of May 12 the estimated cost of cleanup is $39,500. No significant
amount of activity was discharged from the building at ground level and no
activity attributable to this incident could be found on the roof of the
building where the ventilation system exhausts are located.

The exact mechanism of the expulsion of this activity from the cell is
not known. However, there was a combination of conditions which either sin-
gularly or in combination could account for the release. Sawing of a con-
taminated graphite capsule had just been completed, leaving Cell 1 highly
contaminated with a readily air-borne radioactive dust. The pressure drop
between the operating area and Cell 1 was observed to be only a few hundredths
(.02 to .03) of an inch of water earlier in the morning. An air hose was used
to blow some of the radioactive dust off a piece of paper just prior to the
incident. Openings in the face of Cell 1 were shielded but not sealed. Al-
terations to the adjoining cell, Cell 2, were in progress, and Cell 2 was
open to the operating area, to the back area, and to Cell 1. The large back
door to Building 3025 was open. This set of conditions would allow pressure
disturbances created in the back area by the wind to be transmitted through
Cell 2 into Cell 1 and blow the activity out the unsealed penetrations in
the face of that cell into the operating area.

A floor plan of Building 3025 is given in Fig. 1. The main radioactive
dust cloud after leaving the face of Cell 1 was sucked down the stairwell
just west of the cell. A large fraction of the cloud was picked up by the
alr conditioners at the head and foot of these stairs. Most of this activity
was caught on the intake filters for these air conditioners. The remainder
was then distributed back over the hot cell area. The filters on these air
conditioners read 3-4 r/hr after the incident.

The alarm was given at about 11:00 a.m. by a constant air monitor lo-
cated in the hot cell operating area. A Health Physics representative was
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called immediately and evacuation of the area was started as soon as the alarm
was confirmed. People leaving the building were monitored and appropriate per-
sonnel decontamination procedures used. It was not realized, however, until
8:00 p.m. that the activity was air-borne throughout the building. At this
time the ventilation system was shut down and appropriate steps taken to con-
tain and remove the contamination.

As of May 12, in the west section of the building, the ventilation system
has been cleaned to the point it is delivering clean air; all offices, labs,
and halls have been cleaned and found, with a very few exceptions, suitable for
reoccupancy. The second floor of the east end, hot cell area, has been cleaned
and spot checks indicate it to be habitable. The basement, however, will require

about another week of cleaning.

IT. Chronology

April 11, 1960

Installation of equipment for the disassembly and inspection of the irra-

diated fueled graphite specimen was started in Cell 1 by a group under
This involved a series of operations. The first was to cut off part

of the outer stainless steel structure so that the stainless steel container
could be punctured. This involved sawing activated stainless steel. No ac-
tivity was observed outside the cell during this operation. The stainless
steel capsule was then punctured and a gas sample obtained. Care was taken
to seal most of the cell openings with masking tape during this operation,
and again no activity was observed outside the cell. The assembly was then
cut down to a shorter length to obtain a gamma scan to determine fission pro-
duct distribution. A sharp delineation of the fueled graphite sample was ob-
tained on the gamma scan, indicating that little diffusion of fission products
had taken place. The fuel samples, in their impermeable graphite capsules,
were removed from the stainless steel can. The two graphite capsules were
then exposed for the final sawing operation needed to reach the fuel samples.

April 11, 1960

On about the same date as the start of the disassembly experiment, al-
terations to Cell 2 were started. These alterations involved drilling seven
holes throughout the cell face for the installation of manipulators, a stereo-
microscope, a periscope, and a window. At the time of the incident these
holes were completely open. The roof slab on Cell 2 was also off to give
access, and the back door to the cell was ajar. Thus Cell 2 was open to the
back area, the front operating area, and to Cell 1, since the cells at best
have about 3 square feet of open interconnection.

April 26, 1960

In Cell l- group cut off both ends of the impermeable graphite
capsule, taking a 1/16 in. cut on each end which Jjust missed the fueled
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graphite sample as planned. A vacuum cleaner was used to collect the graphite
sawdust and was reported by visual observation to have collected about two
thirds of it. The fuel sample was shaken out of the opened capsule and placed
on white blotter paper. Some graphite dust was spilled on the paper during
this operation and an air hose was used to blow this dust away. This air hose
consisted of a plastic tube attached to the 15-1b air supply and was controlled
by a needle valve. It was estimated that this hose was used for about 2 min

at a flow rate of 0.1 ft3/min. G group then started taking pictures

of the fuel specimen. There is no clear correlation of the time of the activity
release with these operations. It probably occurred shortly after the dust was
blown away with the air hose. Earlier in the morning Cell 2 had been checked
by a Health Physics surveyor prior to carpenters entering in connection with
the alterations. Just prior to the activity release, (i vas engaged
in passing APPR fuel specimens through Cell 2 to the Cell 2 extension. The
specimens were cleaned and polished; however, there was a possibility that the
tray contained some radioactive dust. This transfer had just been completed
when the activity release was detected by the constant air monitor. However,
radiochemical data indicate the activity release was from the Cell 1 operation.

e

April 26, 1960
11:00 a.m.

The constant air monitor about 50 ft east and across the operating area

alarmed. At this time eight persons, < ENEENEGNGGEN,
PR and

was in the area back of the cells

)
working directly in front of Cell 1.
completing his {transfer was working in the laboratory adjacent
to the constant air monitor. Eleven other persons were in the hot cell area,
mostly in the east end away from Cell 1. About 30 seconds after the alarm
sounded, placed a call to the Health Physics office across the street
in Building 3001. took this call and arrived about 11:02 a.m.
and checked the air monitor and found it to be operating but not recording
since the inkwell was dry. He also ascertained with a portable survey instru-
ment that the filter paper was reading sbout 10 mr/hr and that the general
area in front of Cell 1 was contaminated to the extent of 100 mr/hr with spots
reading 300 to 400 mr/hr. At this time, gbout 11:05 a.m., he recommended to
who had arrived in the hot cell area with{Ji# that the cell
area be evacuated, and this recommendation was passed on to the group working
in front of the cell who evacuated promptly. After setting up a personnel
monitoring station at the connecting door to the west end of the building,
' returned to Building 3001 to obtain masks.
), and remained in the hot cell area to close up Cell 2
which was suspected of being the source of activity at that time. They put
paper over the openings in the front of the cell, put the roof plug on the
cell, closed the back door to the cell and the back door to the building.
During this period -observed that the constant air monitor in the
ares back of the-cells located on top of Cell 6 had not shown a significant
increase in activity. ILater inspection of this instrument showed that the
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activity in this back area began to increase about 11:00 a.m. and increased
slowly to about twice its original reading by about 2:00 p.m. but did not

reach its alarm point. The persons who remained behind to close up Cell 2
évacuated the hot cell area about 11:15 a.m. and joined the group being moni-
tored at the connecting door between the two ends of the building. During

the period up to 11:15 a.m. it had become evident that a few persons who had
not been in the hot cell area were alsc contaminated, and that of those persons
in the cell area only those who were directly in front of Cell 1 were signi-
ficantly contaminated. Those persons who were in front of the cell had activity
spread over the upper portion of their bodies, hair, shirt, hands, which was in
excess of 20 mr/hr, and it was reported that some of their faces were also read-
ing greater than 20 mr/hr. Immediately upon finding that the persons were con-
taminated to this level, they were given shoe covers and directed to the change
room in the basement of the west end of the building where they took showers
and scrubbed up. A second monitoring station was set up at this change room

to check the progress of their decontamination Two employees were still
sufficiently contaminated that they were directed to the dispensary where

nasal decontamination was effected.

April 26, 1960
About 11:15 a.m.

It was realized that a serious release of contamination had occurred
and it was recommended that the entire 3025 Building be é¥acuated as soor
as practical. <.Additional Health Physits help was requested*to monitor the
persons leaving the building. Approximately 80 persons were evacuated and
monitored before they leffp the building. Of this number, about 30 were
found to be contaminated to an extent that decontamination or change of
clothing was required. Only 2 persons with significant contamination on
their clothing are known to have left the building. They left about 11:00 a.m.
before the extent of the incident was known and went to the cafeteria for
lunch, thereby contaminating two chairs and a table in the cafeteria. The
building evacuation was completed about 11:30 a.m. and personnel monitoring
by about 12:15 p.m. However, personnel decontamination continued until
about 2:00 p.m.

April 26, 1960
About 12:15 p.m.

Decontamination of the building was started. At this point it was not
‘realized that the activity was primarily air-borne*so that ®nly the floors
were scrubbed and vacuumed. This operation was continued until about 8:00 p.m.
By this time it became evident that areas which had been successfully cleaned
were being recontaminated, and it was realized that contamination was con-
tinually being distributed throughout the building by the air conditioning
system. At 8:00 p.m. it was clearly realized that the activity was air-borne
and that the contaminated air conditioning systems were the source of the
recontamination. An inspection of the ventilation system indicated that the
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entire ventilation system was contaminated. Filters on the two air condi-
tioners in the hot cell area nearest Cell 1 were reading 3-4 r/hr. The air
conditioning filters for the west end of the building were reading 40-60 mr/hr.
The building ventilation system was then shut down. The subsequent cleanup

is described in a separate section on decontamination.

III. Description of Irradiated Specimens and Hot Cell Operations

Irradiation data regarding the experiment being examined in Solid State
Cell 1 at the time of contamination of Building 3025 is listed below.

ORNL-MIR-48-1 Irradiation Data

A Element B Element

Date into reactor Nov. 2, 1960 Nov. 2, 1960
Date out of reactor Jan. 25, 1960 Jan. 25, l960
Time at power, hr 1400 1400
Av. thermal neutron flux, n/cm?-sec ~ x 1013 ~3 x 1013
Av. temperature in graphite, °F

end toward reactor 1600 1400

end away from reactor 1100 800
Burnup, % U-235 14 6
Burnup, weight U-235, g 0.4k 0.37
Date into hot cell April 18, 1960 April 18, 1960
Date of contamination incident April 26, 1960 April 26, 1960
Decay time, days 92 92

Figure 2 is an assembly diagram of the fuel-containing section of
the experiment, and Fig. 3 is a diagram of element B, the one which was
cut open, showing the positions of the saw cuts.

Examination of this experiment was begun by making a saw cut through
the outer contaimment vessel, item 9, Fig. 2. The mixture of helium fill
gas and the fission gases evolved from the fuel was collected by piercing
a tube attached to the inner containment vessel, item 8, Fig. 2. Another
saw cut through both containment vessels allowed removal of the two fuel
capsules, elements A and B. The external dimensions of these graphite
containers were measured with micrometers. The fuel cylinder was removed
from element B by making saw cuts as indicated. It should be pointed out
that the fuel cylinder definitely was not cut, since (1) the smell shoulder
of the graphite container was left intact at one end, and (2) a thin disk
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Outer containment vessel - 6061 aluminum (with longitudinal grooves).
1/8-inch water flow annulus.

Water flow divider - 6061 aluminum.

Outer water jacket - 304L stoinless steel.

Fig. 2. Diagram of assembly for ORNL-MTR-48 in-pile capsule irradiation test.
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was cut off the end plug at the other end. The fuel cylinder was examined
through the periscope and placed on clean white paper in preparation for
photography.

IV. Radiocactivities Involved in the Incident

The spectral distribution of radioisotopes involved in this incident
was unique and no obvious explanation for the observed isotopic distribu-
tion has arisen. The activities found generally exhibited the following

ratios.
Isotopes ¥ Ratios 8 Ratios
Gross 7y 1
Ce (141 + 144) 0.9
Zr-Nb-95 .03
Co-60 .006
La-140 .005
Gross B8 1
Ce B (141 + 1Lk) .55
Trivalent R.E.
(primarily Y-91) .26
Sr B .15

The ratio of Sr-89 activity to Sr-90 activity was > 10 and the ratio
of Ce-144 to Ce-141 activity was 1.3, both ratios being what would be ex-
pected from the irradiation and cooling history of the samples.

Since the fuel specimen itself was not cut, but only the graphite
capsule, it was expected that those fission products which are volatile
or have volatile precursors under the conditions of the experiment
(2500°F in a graphite system) should be present in this material. In
the case of Ce-144 this 4id not hold. Ce-1lik has no volatile precursor
with a significant half life. One might conclude that only activities
which are not volatile are involved and that the volatile materials
have migrated elsewhere. The small amount of Zr-Nb-95 gamma found con-
tradicts this assumption since these would not be volatile and have no
volatile precursors under these conditions. These apparent anomalies
can only be resolved by further investigation.

The activity found in the two constant air monitors, in the analysis
of fecal samples from the exposed persomnel, in smears taken of the general
area, in smears taken from the Cell 1 openings, all qualitatively fall into
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the above pattern of radioisotope distribution. The discrepancies that
exist are minor and can be explained easily by the methods used to pre-
pare the samples for analysis or by the previous history of the samples.

The roof of Building 3025 was found generally contaminated to about
5 mr/hr and in many spots to >20 mr/hr. Samples from this area contained
only Ru-106 activity. Therefore, it was concluded that the roof contami-
nation is primarily due to the stack discharge of last year.

V. Personnel Dosimetry

External Dose. The film badges for the 8 men who were most heavily con-
taminated were processed a few days following the release as a matter of pre-
caution. The highest exposure among these was 120 mr of penetrating radia-
tion, which represented the employee's total external exposure since April 1,
1960, when the film badges had last been changed.

Internal Dose. It is not usually possible to make accurate internal
dose estimates within a few weeks following an exposure, particularly when
there is a mixture of isotopes and more than one critical organ must be
considered. The following information is based upon incomplete data and
certain simplifying assumptions with regard to the metabolism of the iso-
topes involved.

Biocassay samples were taken from all persons who were in the building
at the time of the release. Initially, the analysis of these samples was
limited to the 8 most heavily contaminated persons. As of May 16, samples
from 25 of the other persons in the building have been analyzed and none has
shown activity in excess of the lowest of the 8 Present at the cell face.
Whole body counter measurements and additionsl urinalysis were performed on
7 employees. (The eighth is an employee of the National Carbon Company. Ar-
rangements are made for obtaining body counter and additional biocassay data
for this man.)

Available body cournting data indicate that the material is localized in
the lungs, and both urinalysis and body counting data indicate that the ma-
terial is being eliminated from the lungs at an unusually high rate. At 10
days following the exposure, about 75% of the original lung burden of 2.4
microcuries of strontium had been eliminated from the Jungs in the case of
employee "A" below. Solubility measurements of typical contamination samples
in blood serum have been made and tend to confirm the high rate of removal of
the activity from the lungs. Following are estimates of the dose to the lungs
and bone of the 8 employees. The dose to the lungs assumes that all material
in the lungs as of 10 days following the incident is removed only by radio-
active decay. The dose to the bone assumes that about one-half of both the
cerium and the strontium due to leave the lungs by way of the bloodstream
is deposited in the bone.
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Current Estimates of Internal Dose*

(Preliminary)
Tung Bone
1st Quarter 1st Year 1st Quarter 1st Year
Employee REM REM REM REM
A. 1.18 2.09 1.14 2.24
B 0.30 0.53 0.29 0.56
C 0.11 0.19 0.10 0.20
D < 0.10 0.17 < 0.10 0.19
Ex* < 0.10 0.16 < 0.10 0.17
F < 0.10 < 0.10 < 0.10 0.10
G < 0.10 < 0.10 <0.10 < 0.10
H < 0.10 < 0.10 <0.10 < 0.10

*
Greater than 90% of the dose estimated for the lungs and the bone will be
from the strontium isotopes.

*%
National Carbon employee--dose estimated on the basis of a single urine and

fecal sample.

Studies will continue in order that these exposures can be estimated with
more certainty.
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VI. Decontamination of Building 3025

When it was realized at 8:00 p.m. on April 26 that the building was being
contaminated with air-borne activity, the air conditioning system was shut off,
both interconnecting doors between the old portion and the new portion of the
building were sealed, and air monitors were set up. Additional janitorial help
was enlisted and a 2k-hour work schedule was initiated. The east end of the
old portion was only slightly contaminated, and the cell change room was usable
after a plastic shield was set up at the end of the entrance hall at the east
end of the second floor. A change room was also set up at the southwest cor-
ner of the new portion of the building.

Cleaning of the ventilation system began with removal of the contaminated
filters. Next the supply and exhaust diffusers were cleaned by vacuuming and
washing with detergent. Ducts were vacuumed as far back as could be reached
with extension hoses. In some cases where activity was detected and could not
be reached, an entry port was cut in the duct to permit access for cleaning.
When cleaning of the ventilation system was completed, two layers of American
Air Filter Air Mat, Type G, filter paper were installed behind each supply
fixture.

After the air handling system was cleaned it was turned on and allowed
to run for about 12 hours. Air samples taken during this period showed that
the air supplied to the building uniformly contained about 10-L11 -10-12uc/ce,
well below tolerance for the radioisotopes involved. However, the air flow
had been reduced to 60% of normal by the filters over the supply fixtures.
The decision was then made to move both layers of the room supply filters,
autoradiograph them, and replace them with a single layer of American Air
Filter Air Mat, Type G. The autoradiographs showed that very little radio-
activity was present in the circulating air in the new portion of the build-
ing. Again the system was turned on, the air sampling repeated, and the
system was found to be delivering clean air.

Work was then continued on cleaning the labs and offices. Contamination
was located by means of a probe and the area marked. Since the contamination
was particulate in nature, Practically all of it was very effectively removed
by vacuuming. If the radioactivity was not removed by vacuuming, scrubbing
with a detergent was employed. In the few cases which required more strenuous
treatment, the area was sprayed with Paint of a distinctive color and special
decontamination techniques such as removal of Paint and tile were used. After
cleaning, a very thorough Probing was given all areas. Before occupancy, final
checking by smearing was carried out. )

As of May 12, seventeen days after the release of active material, the
air system of the new portion of Building 3025 has been monitored and found
to deliver clean air. The offices, labs, and halls have been probed, smeared,
and with but few exceptions found to be within tolerance for use. The excep-
tions are expected to be cleaned by May 16, 1960.
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In the old portion of the building, the cell operating area has been
cleaned but only a spot check made for residual activity. The first floor

in the old portion of the building is more contaminated and will require
additional decontamination time.
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VII. Conclusions

In retrospect, the Committee feels that the primary cause of this incident
was that a reactor fuel capsule of an advanced type and completely new to

the persons involved was being handled with procedures and equipment which
were inadequate to cope with the unusual hazard involved.

Under the existing conditions, the incident was capably handled by all per-
sons and groups involved. However, the following conditions could have
contributed to making the accident much more serious than it was.

(a) Inadequate radiation monitoring equipment was available to
determine the extent and nature of the activity released. Not
until 8:00 p.m., 9 hours later, was it clearly realized that the
continued spread of activity was implemented by the air condi-
tioning system. (An additional air monitor for installation in
the west end of Building 3025 had been requested on August 20,
1957, but approval was not obtained.)

(b) No emergency communication system was available, and at least
15 minutes were required to alert the building occupants that a
radiation release had occurred.

(c) No masks or other emergency supplies were readily available;
and after they were aware that air-borne activity was present,
five persons remained in the area without masks to secure the cells.

(d) While urine samples were taken from all persons involved in the
incident, most were not analyzed up to May 8, 12 days after the inci-
dent.

The sawing of a heavily contaminated graphite capsule in Cell 1 was an
unusually hazardous operation, since a radioactive dust, easily suspended
in air, was created. Prior to the incident no one properly assessed the
extent of this hazard.

The facility, in addition to not being equipped for such an operation,
was in a dangerous state. For instance, the off-gas filters were bad,
the adjoining cell was wide open, the cell Pressure was dangerocusly
near that of the operating area, and the back door to the building was
left open.

The flow and recirculation of air throughout the entire building, from
hot cell areas to office-laboratory areas, was contrary to good practice,
and previous incidents somewhat similer to this one but of lesser extent
were common knowledge of persons familiar with this area.
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The persons carrying out the experiment, in view of the unusual hazard
involved, were not sufficiently aware of Health Physics fundamentals,
safety, and the limitations of the facility in which they were working.

Established procedures in the Solid State Division for insuring safe
operation in this area were not employed, and as a result no outside
help, such as Health Physics, was called in for evaluation of hazards.
No specific consideration of hazards was included in the experiment
description prepared for hot cell work.

VIII. Recommendations

A comprehensive set of criteria for safe operation in hot cells for Qak
Ridge National Laboratory (an outline of our suggested minimum contain-
ment standards is given in attachment A) should be established, and all
hot cell operations st the laboratory should be reviewed to determine
whether they meet such minimum standards. -

Until hot cell facilities at Osk Ridge National Laboratory are made to
meet the minimum containment standards, each experiment which could con-
ceivably result in unusual personnel exposure or ingestion, in an unusual
contamination problem, in operational interruption, or an incident of
public relations significance should be subjected to extra-Divisional re-
view.

In addition to establishing criteria for safe hot cell operation at Oak
Ridge National Laboratory, management should establish = mechanism for
insuring compliance with these criteria.

Emergency procedures and a trained emergency organization with proper
emergency equipment should be established for all hazardous areas.

A general educational program in radiation safety and control should
be established for personnel at Qak Ridge National Laboratory working
with radioactive materials.

Submitted: 7% /ﬂ?/ @M

F g . Bruce, Chairman
A

,:ZDWW

D. E. Fer@lson

G. W. Parker
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Attachment A

Outline of Minimum Standards for Hot Cells

A minimum of 0.1 in. of water vacuum must be maintained on hot cells
and a minimum flow through any opening of at least 100 ft/min with
sufficient exhaust capacity that these minimum values can be maintained
for any creditable situation that may arise, and an alarm provided to
indicate when the vacuum drops below 0.1 in. of water.

Exhaust from hot cells must pass through at least one roughing filter and
an absolute filter and be continuously monitored with an alarm before
being discharged to the enviromment.

For any operation which is likely to produce gross amounts of air-borne
contamination, an additional line of containment within the cells should
be provided with an exhaust which is filtered before discharging into
the cell ventilation or other suitably filtered system.

Provision must be made for removing chemical contamination from the cell
offgas such that the filters are not impaired and special, chemical re-
sistant filters used where needed.

Vacuum lines run into cells should be adequately trapped, treated for
chemical contamination, and filtered before leaving the shielded area.

All known liquid radioactive effluents should be routed to the appro-
priate hot waste system.

All other possible routes of radioactive material release, such as
drocess water drains within the cells should be monitored and provi-
sion made for diversion to the hot waste system made. Process water
should not be discharged to the hot waste system except in case of an
emergency.

All operations in hot cells which involve unusual hazards, such as,

large quantities of alpha or soft beta activity which are difficult

to detect; gaseous activity; possibility of an uncontrolled chemical
reaction, fire, or explosion; and possibility of a critical assembly
should be individually reviewed by the director of Radiation Safety

and Control.

The area around hot cells up to a second line of contamination control
should be regarded as g likely contamination zone, and monitoring for

all persons and materials leaving this clearly defined zone should be

mandatory.
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10. Adequate radiation detection instruments should be present in such areas

11.

to give prompt indication of air-borne ectivity, any significant spread
of contamination, or an increase in background activity.

In addition to a line of contamination control, provision for a complete
second line of containment should be provided around hot cell areas, such
that, when a radiation release is detected, the area is automatically

isolated and exhausted through a filter, if practical the cell ventilation
system. -
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counter cvailsble for checking ihe ORNL cmployees wac nac the higiest potential
exposures. !fre X. A. Cofield of the Y-12 Technical Division directed the
measurement of the in vivo pamie~ray gpectra Irom the chest region and made
geveral explorstory scans to deternine nogsible deposits of radioective materiails
in other portions of the btody. 2ota Mr. Wegt and Mr. Corield haeve been excepticn-
ally helpful ia eking it poesible to L&vVe selected individuals recnecked in the
umole body counter on many oceasions in ~onnection with this as wvell as previous
axposure incidents. These rechecxs often require that a bhalf day of machine time
and countless hours of data reduction bpe devoted to each man checiked.

e gecond series of exposure egstimates vas based upon tie raw data frox the
whole body counter, approximate celibration factors and the rirst estimates of
whe relative sbundance of various radicouclides ina eir ssmples taken during the
release and vhich were unalyzed vagiochemically. An order of magnitude estisate
of the radiatioa dose 1o the lungs during tae £1rst quarter vas obtained by
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assuning 20 diological elinination irom the lung of the material detected vy
means of the vhole body counter, and, further, assuming that the lung contaiped
an equal musber of curies of strontium (which could not be detected), as it did
»f Cerfua {estimates based upon the kS Zev zavma associated with cai“l). Equal
amouats of stroatiun and ceriux activities wad been found in a few feces samples
sucmitted Uy some employees. sing ilese spproximations the hisnest dose was
estinated 20 be l.J4 R ror the rirst juerter, taree others in che range Ul 0
Jexl {4y und lLhree oOtbers in tie rame vevd O Jewd JEMe The elgatn maa, sa
smployee of Mational Carcon Uoapany, was 203 available for a measurement in uue
Jnole cody couater, acwever, .0 e oweis ok 3 siongle wrine specien in relstion
1o the excretfon yetes of the cther =en, ais exposure to the luug weas expected
t0 be o3 the order of .1 ABM for the cumrter. '

Tt muy be of lnterest (o discuss e cureent dose cstiuaves oy employee ila arder
<0 esphasirte the incompleteness of the dats and to point out & rev instances ia
wnicn crosschecks have besn possibles. The cass of the mun receiving the ailgnest
-logpe vas examxined in considerable more actail thaa that of the other men ang will
e reported irst.

G a8 checzed la the whole body sounter om 3 ocensions - - 3 daywe, O days
and 10 days arfter the incident. =Rechecks vere required because his normal backe
Sround had not Deen neasured hefore the lacident and a aifferemce spectrum was
2¢eded $0 indicate the presence of amuneeunitting meterials which are deing cleared
sut of the lung. apeated cicexs aiso indicate Lue rates of elinination from ine
iunge Trom dAY I to 4ay 6 the aversge climination rate was 5.9% per day, aad then
Srom day © to day 10 elinination rate averaged k.3 per day.

The urinary excretion rates during the firet 10 days for stroatium and for cerius
vere evaluated cn the basis of simplified distribution models. An estisate of
tbe iaitial luag curden aad or the rete of irzasfer frama the lungs to the D1oods
gtream was obtained Irom e urinery exereiion Jdats. 4 sizilar set of paranevers
was sbtained from the fecul sxeretion rate dats.

Strontium model: (1) Assume that 1/2 of toe

atrontiur reaching the
I blood goes to the bone and

. that the amounts in the
3 urine due to & deposit in
-—7-:-3 the bone are negligible,
.3,-,"1-1» (2) Assume that the eliminatioa
— . coastans for blood, A, io
. /e Lzsag“_‘é?_'[ much greater than that for
-Ed —————3" . BoB@ : mlum;x!‘o

2 A8,

¥




Uader these assuaptions tiae rate of strontius excretioa in the urine may be
related t0 the initial lung burden which can be estimated from the excretion
rate data.

naa/ex,Lze'*l-‘ (1)

Using (1), und the (amtd.on data it vas estinated that the iaitial luug
Surden of B9 + 270 vam 1.8 yc cxclusive of the portion cleared Ifrow the
jung via cilliary wdetion aad evenstual exeretion in the feces.

oa basis of the facal date it was estinated that an additiomal 0.03 ue
of + 8r70 vas initially reteined.

Results of radiochemical analyses of a nusver ot representative ssuples ugree
that 93% of the stroatium is 29 (estimate iaftially o6 uc) and 7% is
3r70 (estimate initially Oel17 weje

during the first 10 days alter exposure the aversge palf-lire Yor removal of
strontium via the gastrointestinal truect was 0.7 days, and for removal via tae
bloodstres the halfelife vas 2 days. 3iace we hove no previous similer exposures
we do not inow how much of the lung durdes will be eliminated at this rapid rate.
50, as aa approximation, 1t ves zssumed that, of the 1.2 uc destined to mwove via
the bloodstream, all of the activity remaining in the lung et the emd of our
available date {at 10 days spproximately 29% still remaius) was assumed to be
{ixed in place and only rudiclogical decey was congidered.

Using these upproximations the first quarter dose to the lung vas estimsted o
be 0,138 HEM from &r90 and 0.897 REM from sedd,

A similar model yields an estimate of ihe exposure W the bone for & givean initial
lung burden. Ia this case the total 1.3 uc vas assumed to reach the bloodstresw
with on effective nalflife of 2 days for SrPC and il.92 days for 3r¥9, sod toe
effective half-life in the bone was takea to be z.7 x 107 days for ar¥C and 51 ays
for @rdd, The dose to tbe bone Yor tae Iirst quurter was cetisated to be 0.215 REM
Zrom Sr¥ and 0.865 REM from srid,

Estimates of initial luag burden of cerium wvere obtained from the excretiom data
and treated in the sane general vay os described for stroativme. The £ollowing
values were used:

56% of total cerium vas c!%:: (estimate iaitially 0.60 uc)

4% of total ceriun vas Ce  {estimate initially O.47 pe) ,

effective half-life, lung to blood: 3.56 days for , 32k days for cettl

approximately 93% excreted via feces with 0.7 day balf-life

45% of cerium reaching bloodstream goes to bone, sn oqual quantity is
excreted in the urine. .

These approximations yleld an estimate that the dose to the 1 for the first
quarter could total O.UTh REM for CelAd und 0,000 REM for 1, Zstimates of
dose to the bone are 0.061 REM from Celd¥ and 0,003 REM from Celbl,



htmmot&uwtmlmgmmmmm initially O,OM7 uct

estimate 0,003 NIM for the first W;, for . B2 (inttially O.OML pes
estinsts 0.0C7 NEM for the first quarter), asd for ¥r95-wb95 (imttially
0.06 ucs estimate 0.00h M for the rirst querter). The estimates of
initial lung burdens were cbtained from the relative amcunts of the several
isotopes present iz seaples from the exposure ares by comparison with the
egtinates for cerium.

A solubility test vas conducted to determine the rate of dissoliution of the
various amsterials in bBlood serum vhich wvas used to approximete the composition
of lung fluids. A dust sample wvas immersed in tlood serum coutained in a
sextipurmeabls msmbrens beg wvhich wves suspended in a larger quantity of serun.
The serum was kept at dody tempersture during the test ond at iantervals a
aixture of 5% C0, and air was bubbled through the serum to facilitate mixing.
mmqmofmmmmmwmmmmmmom
to 15 bourse The strontius vas by faxr the most reedily soluble of the radio-
active zaterials. Stroatium sccounted for only 13.5% of the beta~activity in
the original sample, vhereaws, withiu 18 hours strastium accounts for over 9k%
of the beta=sctivity in soluticn. After the Iirst hour, the rate of novement
of stromtiuz into the serus phese wes essentially comstant at 1.49% per hour.
It is interesting to note that this rate corresponds to & nalf-life of 1.95 dxys.
This mey Le compared with the J-day aslf-1ife for trangport of stromtium from
lung o blocd waich wag egtimated Ifrom urins dati.

The paransters used o chtain sgtimates of dose from cerium predict that from
day 3 to day © the cerius lung burden snould decrsase by 0.053 uce ¥Whols voay
counter measurements ade on those days show the dscrease to dbe U000 uce

To date, all of the estimates of exposure to the lung, vhetaer bused
excretion data Ooxr wnoie wody counter meaguresents, indicste the will
receive at least 3 tines more exposure than the next highest mun. It appeers
probable that aons of the other men will receive a radiation dose ia excess of
toat of IR, 30 & less detailea treatment of their dose estimates asy de
aecceptable. ‘The available data for each man has veen compared to that of
G :od proporticasl dose estimates obtained.

G strostive excretion curve is persllel to that of llFand is lower
in magaitude by a factor of 4.05. All of the dose sestimates directly proportionsal
to the amount of strontium will de asgsigned acoordiagly.

G cerium excretion curve is parallel to that of D wd 1s & factor of
32 lower in magnitude. This factor applies to all dose estimstes except fhoee
For strontium.



Only two urine sample results amd one fecsl sexple are avelladle for corparison
of stromtium excretion rates. The two urine results lie close to & line which
1a parallel wttho@S strontius excretion results and a factor of 10,8 lower.

Qaly one wrize seople vas axglyzed tor cerium {tactor of sbouwt 25 lower thaan
+ Eowever, by comparing the amoumts of cerium indicetsd by the whole body
counter it is seen that QP is u tactar of 11 lower than

All doge cstizates for @ ere tezen to e & fector of 11 lower than ror .

Tiare uxe ooiy 3 urine saugple resulis preseatly svedlatle for cgmparison, sowever
Dosh oeriun omd oTroatiimn excretica raves appeer to be cimilar <o, hut a factor

af & lower tzen wbat of R, This fastor is coa¥irzed Ly the whole Body counter
results whnich are a f2otor of about 15 lower than for @R, Dose estimates
asgigasd tc Wl wre & factor of 12 lower than Zor GHEENN.

-

Caly sze ariie susple and one foswld kmple wer: cbtalawd il A =
reduraed o his Lone office Lefore it wvas poesible to schedule & measurenent
with the wiole sody countar. (R is plannisg Yo retusn withis the aext
week a=d ve hove scheduled o time Yor him to visldt wne Y-12 while btody counters
o0 the be@is of ais siagle urine saaple 2 A3 euoretiny atrontiun & factor of
12.5 lower than el For the present time this is all we have to use for
estiaasing hLis faternul dose.

“here is vary little data coucerninz tue next toree aen except ior a siggle
whole Giody counter wmeasurement and ose or two urine sauples for each m&n. Bowvever,
a1l indioations are that their exposures were much lower toaa that estisated for

Dose estimates ave & factor of 22 lower tuan for IR bused upon one urine
sample asd & vhole body counter measurement. o

There is much veriation ia the exeretion data of this men. It appears that his
total axposure is a factor of about 65 lower thandlilili Hovever, additional
memmmumunnbemmiaormmm“thuan
of a re-axposure since the last check.




eXposure sppesrs to de very lov ox the dasis of both
urinalysis and body bounter data. Eis estimated dose is a factor of
150 lower than that of G Thew is oo indication that additional
special study should be coatinned for this man except for routine

monitoring.

Summary

It should be well understood that the estinates of internml dose given in
she attached tdble are interim estinmstes penaing more complete date. It

is znown, for examzple, that wherees the radicsctive lung burdeas of swme of
thege aen ore quite uniformly spread throughout the lung area, a8t lesst one
wali seeds LO have a significantly greater deposit in the richt lung., we
will continue to study the exposures of (D D G snigll® vith
the whole body counter until we can wuore edequately define the body bturdens
and their retes of elimination. '
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Questions asked by Joe Lenhard on May 6, 1950 concerning the Solid
State Incident:

1. What was the occupation of the people who were contaminated?

Answer: , Laboratory Technician
Laboratory Technician
» Development Engineer
, Physicist
), Chemist
, Development Engineer
), Associate Physicist
Visitor from National Carbon Company

The names of the above were not asked for and were not given.

2. What is the radiation history of the fuel element that was cut
in Cell No. 17

Answer: 1400 hrs in the MTR at power; 1bL.Phatom burnup; removed
January 25, 1960.

3. Are heating ducts the same as the air conditioning ducts?
Answer: Yes
L., How many of the 65 people in the building had bio-assays taken?

Answer: Urine specimens were taken from all but they have not
all been analyzed as yet.

5. How many of the 65 had clothing contamination?

Answer: According to_, 17 people had some contamina-
tion to the extent that they left part of their clothing
for laundry. This consisted of various items such as
shirts, shoes, etc. In addition to these 17 people, an
undetermined number had a slight amount of contamination
waich was removed and thz people were allowed to continue
on their way.

WHJordan:dwh has been approved for veicas
This document has been 3p ¢
May 6, 1960 o the public by:




: UNIED ST2TES
ATOMIC ENERGY COMMISSION

WAEHINGTON 28, 0. C.

MAY 1 0 1360

Mr. Jrmes T. Ramey

Bxecuti-e Nirector
' Joint Committee on Atomic Energy
i Congress of the United States

Desr Mr. Ramay:

Tais vill provide informmtion on tis incideat in the 8Solid States
ing. (3025) at the Oak Ridge National laboratory oa April 36, 1960
supplement that telephoned to the Joint Coamittee staff oa
and that vhick vas provided in & copy of the May 3rd Oak

release transmitted to tas Joint Committee by our latier of May 5
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£ suout T4100 a.de, ADril 2604, an experimental graphite fusl element
48 being sawed in Cell No. i. There were eight poopls immediately in
rmtoxmcmmmnxwawhmtmmw
8 giass .unel. Aprroximstely five adcitional pecple vere in the area in
iroat of the cell working cn other cells and on other operations. Adout
52 other people vere ir the duilding st the time of the incident,
in fhe orfice areas.

E

wam-mmmtumo{ﬂnsmmmm
the bu.lding at the time of the accident, LWt anslyses hnﬂbooncmlotod
only fcr the eight persons in the izmediate vicinity of Ceil 1. The bal-

sxposures, m-wxmtwwmmmmwhrmmm
other persons. The assays are deing performed as & precautionary measure.

mmmmmxmmmma o amy of ths axposed peraons
and none are saxpected. The exposed ;.7 18 ure contimiing to work, but
aave beedd assigned to dou~rediscioz an 8 ~t the ladorstory.

e maximm 1l dadge reading for any of the exposed persoms vas 130
millirads of gumma redistion. This reading rqgresented %0t%al geama
expoaure sinos April 1, the date the f£1la dadges had last besn changed.
The maximm permissidls exposwre for radiation vorkers is 3,000 millireds
per quarter, orneunmznmds,ooomnﬁ-mmm
persons over. 18 years old. | ]

mam.mtprm‘mmamcanzmmm-
.tmnmummpwm. &ct‘_ﬁ,‘u'qlmot‘
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James T. Ramay . . e 2 e

x.‘emmcm;cmotw (hio, has had one urine sasple and
wumumuwmmtmmmamw :
asasure hiz in the whole-body cowmter.

-anMMin-temmbrh.c@tmﬁomnma
cm&.lwwhmmﬁolm. The extent of the internal
exposure camct be determined precisely until further Bsasiements
Jver a period of several veeks. Pending these Bsasuremants and

basis of the data mov avatladlas, estimates of doses t0 the lungs have Deen
made using two different asemptions, If 1t is csmmed that all of
-urm.mnmmmavmmmnm,m
estimated exposure to the lumgs would be adout 2 rems. If 4% i3 assumed
mtmam-mnmma-vmbomusoma,m
highest estimated exposure womld de slightly more :
either assumption, the ~ther seven persons had an estimated exposure of less
than one-fourth rem. mumamm-muwu&mm
terly pareiseible dose to the lungs vhich 1s 4 rems.

The neasuresients made to date indicste that the material has & Rglf-11ife of
less than 30 days in the lwmgs; therafore, e astimsted axposurss prodedly
mhi:,h:rthnnmuqlmc. he estimated lung doses for seven of
the eight persons under the assumption of permanent retention (comdition 1)
and the assumption of 30-dey Ralf-life in the lung (comditicn 2) ere tadu-
lated balow: ) . :

Bployee Comdttion 2

: 98 109 102

b. 3 oIh
Ce .13 «dd
4. I3 .08
Qo «09 08
b 003 om
8- 08 N 02

whose single urinalysis indicates Ais exposure 1s scmsvhere Detween
employee d. and . (ne persan (dasignebed 23 case b, above) sppesrs %o be
Rore concerned about the i{nsideut Whan the others, to the extent thst he
bas had several talks vith the plant physicians. : :
‘Aemetmamw.-mwmmm-mrmw ‘
adjacent to Cell No. 1, for modifiestion work. Comnnesting the two eslls are
five large openings. In additica, Where vere two

face of Call No. 1 opening-into ¥he space in froat of 1%. These were
shielded againss dizect refiation Dws mot

of these cpenings and the fact thas the tqp slad of Cz2ll Fo, not in
vlove wtedc?nsmdmmmwlp.lﬂtb”_n




sxistizg, it appears that viad Blowing through the opemed door crested e
309itive pressure in the

the wall openings %o Cell JNo. 1.
positive to the extent of forc

fusl elsment through the emall openings
mmmnm.mrﬁoﬂ, observers and others were present

B
4
i
R
2
¥
i

" Some of the escaping grephite particlss lodged in & comtimuocus air monitor
wvhich gave sudible and visual indications of rediation acSivity. The
explayees in the cell area comtinued to vork wntil sn ssployee in an
adjecent office heard the. Alarm and celled the health physics surveyor <
the scens. Iwo heelth physicists arrived bdetween tvo and ten minutes after
the aiarm sounded, checked the monitor filter, deternined that a radiocectivs
release had occurred, and ordered the dullding svacusted.

(re health FArsicist vas posted at an outside door to cheek @ech psrecn for
contamiration. '™osdé vho were found %0 have external contemiaation vere
routed to a decontazination sres in ths basement. ifter providing himself
¥ith en airmask, the other health physicist rsturned % the space in front
of the -ells and evacuated ons or two employees still vorking in an attempt
10 sedl the cpenings. :

The eight eaplayess who bad been vorking in froot of the cells wers found
to have clothing comtaminated in the renge of 20 mr per aswr. In addition
to the eight, ‘spproximately sem other persons vers found tc Beve mmll
particles of contamination on Weir. elothing. Mis clothing vas taken, the
contaminated people showered and then re-checked before Deing allowed %o
leave the bullding. A fev had nose contemination and vere semt to tbe
pedicsl di:2zion fer nose rinsss. All external personnel ocontemination was
demdwnqmnlﬂmwv. - .

Health physics wnm.tumwmwmmm
floorsof office areas as vell as cpersting areas wers conteminated. It vas
£irst essumed that this cemtamination had des: trasked ercimd the builéing
since thers vas no wall or Gesk combexinstion at that sims, However it is
pov Delieved t.at the unusual olr 20w p=ttsra vithin e bullding oarried
the contuninated graphite particles fxom the areas immedistely ia frout of
the cells down an adjecent stair vell snd 1izto the Dasement of an office

R
38

material dravn intoc the offioe sir conditioning qmwwoﬁ
vas wwmcmmwmmmmammm.
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l. Q. What is the current condition of the exposed people?

A. There is no evidence of somatic effects.

2. Q. What is the present estimate of the extent of their exposure?
A. The present estimate is that the hizh man nas an exposure of
1 rem for the quarter, vs. the 1.3 average allowable exposure

and the 3 rem maximm allowable exposure for the quarter. The

second and third highest exposures are a factor of 10 less; the

balance lower by a factor of two or three.

3. 2. Yhat is being done to pinpoint the extent of exposure? Have

exposed people been removed from the job? Have they received
any sort of treatment? I so, what?

A. Daily urine and fecal samples on all of the men are beinz %aken.
The highest and third highest man are being given rmlti-examinations

cf the radioactivity
in the vhole body counter. Solubility measuremenpf/on graphite
particles, representative of those ingested, are teingz made in
body fluids. Particle size measurements are also being made to assess
elimination rates. The men will be restricted from areas where
a second exposure would be possible. This restricticn will be
Further action will depend on the dose.

in effect until the exact dose is knowa/ They have received no

treatment.

L. Q. What is the current status of contamination inside, outside, and
in surround areas?
A. The current status inside the building is as follows: The air
-11 -1

activity is in the range of 10 10712 JC/cc as opposed to

maximum permissible concentration of 3 x 10'8 for Sr89. All
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areas of the new buildinz have been prooed and those spots
having detectable contamination have been cleaned up. An
extensive smear prozram is now belnz carried oul to determine
the necessity for further decontamination. The same is true
¢f the old building, except for the Hot Cell area waich

remains hizhly contaminated.

What decontamination methods are being employed?

Vacuum cleaninz is very effective. Where this is not effective,

scruabbing with Fap 1s employed.

Yhat is current estimated time of clean-up?

(1) If the air conditioning system does not zive rise to any
air-borne activity, the new bullding is expected to Dbe
ocecupied next weeix. The old building is expected to ve
occupied the following weex.

(2) If the air conditicning does give rise to air-borne
contamination, it may be cleaned using Industrial
heating and ventilation vacuum cleaninz techniques.

Thnis would take three to four weeks.

What is current estimafe of cost of clean-up?

In the first case above, approximately $30,000; in the second

case, epproximately $50,0C0.

That facilities are closed down? How long will these remain closed?

All personnel have been evacuated from Bldg. 3025 and all operations,

except clean-up, ceased.
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waace s vhe elffect of Tae close-down cn cperaticns?

Cf the .0 people in the Solid State Division, 2% have Deen

=

rerioved o other guarters as a result cf tle buildiac shut-down.
fhe work involving the use of the 31ldg. 3025 a0t cells For solid
state studies nas stopped. If creraticans are resumed according
to schedule (1) of Question 5 above, repcri writing and
activities carried cn in cther facilities will permis over-all

T

oreration cf the Division with 73 efficienc: durin

period.

1-3a

Is an investization beiny made? If so, when will the repors

Ve available?

Zes. The report will Le availatle iz z.ocut g meonth waen She

cust 1ow did reversal cf ailr flow Lappen? leed an ip-to-daie
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e essentlial elementis iavelived iIn the incident are:
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{3} The rcof plug of cell 2 +aich was removed at the Time of
tze incident.

.} The cell access area northx of the cells containing a door

,-[‘:

to the outside wiich was oven, and
{Z) The oreratin. area cn ize south side of the cells.
It is velieved at present that the negative pressure in cell 1

was aoncrrally low, a few hundredths of an inch of water, because-
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of the roof plug cn cell 2 having Leen removed. A ust of wind
is believed to have entered the door on the ncrth side of he
cell access area with subsequent pressurization of cell 1 via -
cell access area and cell 2. This resulted in the release of
alr-vorne activity throusnh the penetrations in the oreratin:; ITace

P

of cell 1.

Wnat will De done to remed: the situation leadin: to incident?
All cells used for such cperations will be reguired tc have a
minirum ¢f 0.2 inch of walter negative pressure. All operations
are veinj; required To set up more stringent operating procedures
wilch would preclude the icssivility of loss of cell nejative
tressure and conditions leadin; To pressurization. A1l cells

will De eguipped with en alarm to indicate when the pressure

e

differential is less taan -G.2" H,0.

What inquiries nave teen received from newsmen and 20w are

these teinz handled?

Ilone have veen received at CRIL.

This document has been approved for release
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